Abstract
INTRODUCTION
Among the wide variety of heterocyclic compounds, pyrazoles fused with different heterocycles are known to contribute to various pharmacological effects. Due to wide range of pharmacological activities, significant amount of research activity has been directed towards this class. In particular, they are used as antitumor, antibacterial and antifungal, antiviral, antiparasitic, anti-tubercular and insecticidal agents. Some of these compounds have also shown anti-inflammatory, anti-diabetic, anesthetic and analgesic properties [1] . Another hetrocyclic compound, thiazolidine, is a 5 membered saturated ring with a thio ether group at 1 position and an amine group in the 3 position. It has fungicidal, local anesthetic, antiseizure, antitubercular, anti-bacterial, antiamoebic, anti-diabetic and anti-inflammatory activities [2, 3] .
Thiazolidinones are derivatives of thiazolidine, which is a main pharmacophoric group responsible for antidiabetic activity. It acts by enhancing insulin sensitivity in both muscle and adipose tissue and to a lesser extent by inhibiting hepatic glucose production. These agents have a notable effect on improving insulin resistance, particularly when used in combination with other antidiabetic drugs, but have no effect on insulin secretion. As a class, the thiazolidinediones have also been shown to alter lipid profiles in patients with type 2 diabetes. They also have effected a decrease in triglyceride levels, increase in total and Low density lipoprotein LDL cholesterol levels [4, 5] . In patients receiving insulin therapy, the addition of a thiazolidinedione has resulted in significant reductions in daily insulin requirements [6, 7] . The thiazolidinediones are dependent on the presence of insulin for activity; however, they do not affect insulin secretion. Patients with chronic pancreatitis are at high risk of antioxidant deficiencies. Furthermore, this disease can lead to diabetes mellitus that could exacerbate the severity of oxidative stress. Oxidative stress and the resulting LDL oxidation are a major cause of atherosclerosis [8] .
EXPERIMENTAL
All the chemicals used for the synthesis were reagent grade and obtained from Sigma Aldrich and Mark Lasoraton. The solvents were purified by standard laboratory procedure and free from atmospheric oxygen. The melting points were determined by open capillary method and are not corrected. The IR spectra were recorded in KBr pellets on a Shimadzu 8201 PC FTIR spectrophotometer. Both 1H and 13C NMR were recorded in DMSO-d 6 using Bruker 500 MHz-NMR spectrophotometers using TMS as internal standard. The masses of the compounds were analyzed by ESI method using Thermo Fennigan mass spectrophotometer. Elemental analyses were recorded using Thermo Finnigan FLASH EA 1112 CHN analyzer. TLC was performed in precoated plastic sheet of silica gel g/UV-254 of 0.2 mm thickness.
Synthesis of 3-methyl-1, 2-dihydropyrazol-5-one (3)
One mole of hydrazine hydrate and phenyl hydrazine was weighed into a 500 mL beaker. One mole equivalent of ethyl acetoacetate was added and the mixture allowed to warm up to 100 °C on water bath for 3 h. Cooling of the mixture to room temperature resulted in solidification of crystal, which was washed with ether and recrystallized from hot ethanol [9] .
Synthesis of 3-methyl-1H-pyrazole-4-carbaldehyde (4)
3 mmoles of DMF and 1 mmole of POCl 3 was added to 1mole 3-methyl-1,2-dihydropyrazol-5-one (3) in round bottom flask. During addition of POCl 3 the temperature of reaction mixture was maintained 0-5 °C. After completion of addition, the mixture was refluxed for 6 h and 10% sodium hydroxide was added till neutralization and cooled overnight. After the addition of crushed ice, the resulting precipitate was recrystallized from hot ethanol [10] .
General procedure for synthesis of N-((3-methyl-1H-pyrazol-4-yl) methylene) benzenimine (6a-j)
One mole of 3-methyl-1H-pyrazole-4-carboxaldehyde (4) in 50 ml of ethanol was stirred for 30 min under nitrogen atmospherefollowed by 1 ml of glacial acetic acid and 1 mole of substituent aromatic amines, and then refluxed for 1 h. Following the addition of crushed ice, the resulting precipitate was recrystallized from hot ethanol [11] .
Synthesis of 2-(3-methyl-1H-pyrazol-4-yl)-3-phenylthiazolidin-4-one (7a-7j)
The substituted imines (0.02 mole) were dissolved in toluene with SnCl 2 (0.05 mmole) was used as catalyst. After addition of thioglycollic acid (0.03 mole), reaction mixtures were stirred for an hour. The mixtures were then refluxed in water bath for 12 h and cooled to room temperature. Excess solvents were removed by distillation and compounds were dissolved in dichloromethane. The organic layer were washed with 10 % sodium bicarbonate and finally with brine solutions, dried over anhydrous sodium sulphate and evaporated to dryness. Purification of the compounds were done with petroleum ether and chloroform (1:4 v/v) by chromatographic technique.
Evaluation of antioxidant activity
In vitro antioxidant activity was determined by 1, 1-diphenyl-2-picrylhydrazyl radical method, which was used to evaluate the free radical scavenging capacity of different antioxidants [12, 13] . 
Acute toxicity study
The acute oral toxicity study was carried out according to OECD guideline no 423 [14] in Wister rats. The doses were fixed 2 mg/kg (p.o) to 10 mg/kg (p.o) for rats and contain 5 in each group. The mortality and general behaviours were under observation for 14 days. The test compounds were non-toxic in the dose of 5 mg/kg body weight.
Oral glucose tolerance test on rat (OGTT)
Twelve groups of animals were administered normal saline at the dose of 5 mg/kg for test compounds followed by administration of glucose solution in the dose of 2 g/kg. After 30 mins, blood sample were withdrawn from dorsal vein at interval of 60, 120 and 180 mins. Blood glucose level were estimated using blood glucose test strip with elegance glucometer (Frankenbeng Germany) & GOD-POD kit (Acuurex,India) [15] .
Evaluation of antidiabetic activity

Induction of diabetes
Streptozotocine (STZ) was used in the dose of 60 mg/kg to induce insulin dependent diabetes. STZ was injected into rats intraperitoneally. After 48 h of administration of STZ, the blood samples were collected from the dorsal vein for determination of blood glucose level. The rat with fasting glucose level in range of 275-300 mg/100 ml is considered as diabetic and considered for study [21] .
Experimental protocol and dose schedule
This study was carried out over a period of 21 days. The rats were divided into 13 groups consisting of 06 animals in each group.
Group-1: Normal rats treated with normal saline 10 ml/kg p.o.
Group-2: Diabetic control treated with STZ (60 mg/kg) dissolved in citrate buffer.
Group-3: Diabetic rat treated with Rosiglitazone 8 mg/kg.
Group-4-8: Diabetic rat treated with test compounds at 5 mg/kg body weight On 1, 7, 14 and 21 days of study after 2 h of oral administration of test compounds, blood glucose levels and body weight were measured. Blood samples were withdrawn through dorsal vein. After 21 days, whole blood was collected by cardiac puncture. Blood sample collected was then centrifuged at 3000 rpm for 10 min to obtain serum. Blood glucose levels were estimated by GOD-POD kit (Accurex, India). All biochemical parameters were determined including total cholesterol [16] , triglyceride by Hantzsch condensation method [17] , Serum urea and creatinine by method of Thomas [18] , total protein [19] , and HDL cholesterol [20] were also measured.
Statistical analysis
The results were shown as Mean ± SEM and comparison between standard and test compounds were made by one way ANOVA followed by Dunnett's test. Values of p ≤ 0.001 were considered as potent.
RESULTS
Chemistry
Physical and spectral data 6a: 
Antioxidant activity
As Table 1 shows, compounds 7a, 7b, 7c, 7e and 7j showed higher antioxidant activity (IC 50 ) than the standard, ascorbic acid, due to the presence of strong electron donating group.
Antidiabetic activity
The acute toxicity study was performed and revealed that at 5 mg/kg body weight of the compounds was nontoxic. Treatment of STZ animals treated with glucose solution (5 %) for 12 -24 h, resulted in increase in glucose level in comparison to control animals due to insulin deficiency.
As table 2 shows, blood glucose levels in rats administered with 2 g/kg glucose were significantly decreased by the test compounds within 1 h compared to the standard group. Treatment with compounds 7a -7j showed that there was significant decrease in blood glucose level compared to the standard, rosiglitazone, on 21 day of study. However, on the 21st day of treatment, it was found that there was significant gain of body weight.
Serum biochemical profile
There was significant decrease in serum cholesterol, triglyceride, creatinine and urea levels whereas the HDL level and total protein levels increased after 21 days of treatment. Compounds 7a,7b,7c,7h,7j produced more significant antiglycemic effect in hyperglycemic rats but had no significant effect in normoglycemic rats (Table 3) . 
DISCUSSION
The present work involves cyclization of schiff bases to thiazolidine-4-ones derivatives. The schiff bases (6a-6j) were obtained by the reaction between electrophillic carbon atom of substituted pyrazole-4-aldehyde and nucleophillic nitrogen atom of substituted amines. The preparation of thiazolidine-4-ones (7a -7j) proceeds by an attack of sulphur nucleophile of thioglycollic acid on imine carbon followed by intramolecular cyclization.
During the reaction, one mole of water was eliminated. Tin chloride dihydrate acted as acid catalyst which counters balance between nucleophilicity and acidity for completion of reaction. The substitution with electron donating group at para-and meta-position of ring increases percentage yield where as it decreases in case of ortho substitution due to steric effect. Purification of compounds was done using hexane: chloroform (1:4 v/v) for thiazolidine-4-ones by column chromatography. CNMR spectral data also describe characteristic peak according to proposed structure. From the mass spectra, it was found that m/e peaks according to calculated molecular mass of the synthesized compounds.
In vitro antioxidant activity was determined by DPPH method. The DPPH assay method is based on the reduction of DPPH, a stable free radical. The free radical DPPH with an odd electron gives a maximum absorption at 517 nm. When a solution of DPPH is mixed with that of a substance that can donate a hydrogen atom, then this gives rise to the reduced form with the loss of this violet colour [13] . The compounds with strong electron donating groups like 7a, 7b, 7c, 7h, 7j showed more IC 50 values compared to standard Ascorbic acid The antidiabetic activity was performed by using streptozotocin (STZ) induced model in Wister rats. STZ enters the pancreatic cell via a glucose transporter-GLUT2 and causes alkylation of deoxyribonucleic acid. STZ induces activation of poly adenosine ribosylation and nitric oxide release. Due to destruction of pancreatic cells by STZ a huge release of insulin which makes animals more susceptible to severe hypoglycemia that may be lethal. Thus, following treatment with STZ animals are fed with glucose solution (5 %) for 12 -24 h, afterwards, an increase of glucose levels is observed in comparison to control animals due to insulin deficiency [21] .
The thiazolidinediones are dependent on the presence of insulin for activity; however, they do not affect insulin secretion. They are highly selective and potent agonists for the peroxisome proliferator activated receptor (PPAR) gamma that regulates the transcription of a number of insulin responsive genes. Activation of PPARgamma receptors regulates the transcription of insulin-responsive genes involved in the control of glucose production, transport, and utilization. Additionally, PPAR-gamma responsive genes also play a role in the regulation of fatty acid metabolism.
Unlike oral sulfonylureas, rosiglitazone enhances tissue sensitivity to insulin rather than stimulates insulin secretion [22] . From the structural activity relationship study it was found that compounds 7a, 7b, 7c, 7h and 7j are biologically active. The presences of thiazolidine-4-one nucleus as well as para substitution of phenyl ring are significant for potentiation of activity.
CONCLUSION
The structures of the synthesized 2-(3-methyl-1H-pyrazol-4-yl)-3-phenylthiazolidin-4-ones have confirmed by spectral and elemental analysis. Compounds 7a, 7b, 7c, 7h and 7j are more potent antioxidant and antidiabetic than the reference standards, ascorbic acid and rosiglitazone, respectively. These activities are probably due to thiazolidine-4-one nucleus present along with pyrazole ring on their structures.
